We present the results of clustering analyses of Lyman break galaxies (LBGs) at z ∼ 3, 4, and 5 using the final data release of the Canada-France-Hawaii Telescope Legacy Survey (CFHTLS). Deep-and wide-field images of the CFHTLS Deep Survey enable us to obtain sufficiently accurate two-point angular correlation functions to apply a halo occupation distribution analysis. The mean halo masses, calculated as M h = 10 11.7 − 10 12.8 h −1 M ⊙ , increase with stellar-mass limit of LBGs. The threshold halo mass to have a central galaxy, M min , follows the same increasing trend with the low-z results, whereas the threshold halo mass to have a satellite galaxy, M 1 , shows higher values at z = 3 − 5 than z = 0.5 − 1.5 over the entire stellar mass range. Satellite fractions of dropout galaxies, even at less massive haloes, are found to drop sharply from z = 2 down to less than 0.04 at z = 3 − 5. These results suggest that satellite galaxies form inefficiently within dark haloes at z = 3 − 5 even for less massive satellites with M ⋆ < 10 10 M ⊙ . We compute stellar-to-halo mass ratios (SHMRs) assuming a main sequence of galaxies, which is found to provide consistent SHMRs with those derived from a spectral energy distribution fitting method. The observed SHMRs are in good agreement with the model predictions based on the abundance-matching method within 1σ confidence intervals. We derive observationally, for the first time, M pivot h , which is the halo mass at a peak in the star-formation efficiency, at 3 < z < 5, and it shows a little increasing trend with cosmic time at z > 3. In addition, M pivot h and its normalization are found to be almost unchanged during 0 < z < 5. Our study shows an observational evidence that galaxy formation is ubiquitously most efficient near a halo mass of M h ∼ 10 12 M ⊙ over cosmic time.
INTRODUCTION
One of the major questions in modern astronomy is how the large-scale structure of the Universe formed and evolved. In the ΛCDM model, galaxies form in a clump of dark matter, termed dark haloes, the evolution of which can be well traced by cosmological N -body simulations (e.g., Springel et al. 2005; Prada et al. 2012) . However, it is challenging to quantitatively link observed galaxies to their host dark haloes.
Recent wide/deep-field multi-wavelength surveys have yielded insights into galaxy-halo connections. The stellar-to-halo mass ratio (SHMR), which is defined as the ratio between the dark halo mass and the galaxy stellar mass, represents the conversion efficiency from baryonic matter into stars within dark haloes. Wide surveys (e.g., Coupon et al. 2012 Coupon et al. , 2015 have been conducted to investigate the relationships between low-z (z < 1) massive galaxies and their host dark haloes through the SHMRs, whereas deep surveys (e.g., McCracken et al. 2015) have provided the evolutionary history of the clustering properties and SHMRs, even for less massive galaxies (M ⋆ > 10 9 M ⊙ ) up to z ∼ 3. Many theoretical and observational studies have revealed the SHMRs for galaxy populations at various redshifts. Behroozi et al. (2013a,b) showed the evolution of SHMRs from z = 0 to z = 8 by the abundancematching method with observational constraints and suggested that the conversion efficiency has a peak at the halo with a mass of ∼ 10 12 M ⊙ , regardless of its redshift; this result is consistent with theoretical predictions (e.g., Blumenthal et al. 1984) . Recently, Ishikawa et al. (2015) revealed the properties of host dark haloes of starforming galaxies at z ∼ 2 (sgzK galaxies; Daddi et al. 2004 ) by precise clustering analyses by combining their own Subaru wide-field data and the publicly available Canada-France-Hawaii Telescope Legacy Survey (CFHTLS; Gwyn 2012) and UKIRT Infrared Deep Sky Survey (UKIDSS; Lawrence et al. 2007 ) data, and Ishikawa et al. (2016) successfully showed the decreasing trend of SHMRs for sgzK galaxies toward higher mass at z ∼ 2. Hildebrandt et al. (2009) derived galaxy two-point angular correlation functions (ACFs) on Lyman break galaxies (LBGs) at z = 3 − 5 using the data of the CFHTLS Deep Fields. They showed a correlation between clustering strength and rest-frame UV luminosity; however, there was no significant redshift evolution of clustering strength and dark halo mass. Barone-Nugent et al. (2014) firstly observed ACFs of galaxies at z ∼ 7.2 and estimated masses of their host dark haloes using a combined galaxy samples obtained by the Hubble Space Telescope (HST ). Harikane et al. (2016) calculated the SHMRs of LBGs at z = 4 − 7 by combining photometric data from the HST archives and Subaru Telescope Hyper SuprimeCam (HSC; Miyazaki et al. 2012 ) early released data. They found that the redshift evolution of their SHMRs was consistent with the predictions via the abundancematching technique (Behroozi et al. 2013b) , and baryon conversion efficiency at z ∼ 4 increased monotonically up to M h ∼ 10 12 M ⊙ . A halo occupation distribution (HOD; e.g., Seljak 2000; Bullock et al. 2001; Berlind & Weinberg 2002; van den Bosch et al. 2003a; Hamana et al. 2004 Hamana et al. , 2006 formalism is a useful tool to connect observed clustering signals to background dark matter distributions. The HOD model was developed to interpret galaxy clustering by characterizing the number of galaxies within dark haloes as probability distributions, assuming that galaxy baryonic properties are primarily governed by the masses of their host dark haloes. Many observational studies have successfully unveiled the relationship between observed galaxies and their host dark haloes for high-redshift Universe (e.g., Geach et al. 2012; Béthermin et al. 2014; Durkalec et al. 2015; Harikane et al. 2016; Ishikawa et al. 2016; Park et al. 2016) , as well as z < 1 Universe (e.g., Zehavi et al. 2011; Matsuoka et al. 2011; Coupon et al. 2012 Coupon et al. , 2015 Rodríguez-Torres et al. 2016) .
In this paper, we present the results of HOD analyses of LBGs at z = 3, 4, and 5 based upon data from the CFHTLS final data release. Wide and deep CFHTLS Deep Field optical photometric data enable us to collect the LBGs over a sufficiently broad range of masses to apply the HOD analysis for high-redshift Universe. By carrying out the precision clustering/HOD analyses for the LBGs, we can obtain clues to connect highz galaxies to their host dark haloes with various halo masses. We have another merit to use the data of the CFHTLS Deep Fields; one of the CFHTLS Deep Fields (D2 field) is a subset of the COSMOS field (Scoville et al. 2007) , in which galaxy clustering patterns are reported to be different from other fields, especially at z ∼ 2 (cf., McCracken et al. 2010; Sato et al. 2014) due to the cosmic variance (Clowes et al. 2013; McCracken et al. 2015) . We can eliminate the effects of the cosmic variance in angular correlation functions by summing up the results of four distinct fields. In addition, by combining deep near-infrared (NIR) photometric data from the WIRCam Deep Survey (WIRDS; Bielby et al. 2012) , we can derive the stellar masses, and consequently SHMRs, using a spectral energy distribution (SED) fitting technique (Tanaka 2015) based upon the multi-wavelength data. This enables simultaneous examination of the evolution of baryonic properties and dark haloes. This paper is organized as follows. In Section 2, we present the details of the observational data and our sample selection method. Stellar mass estimation of selected dropout galaxies is implemented in Section 3.
The methods and results of the clustering analysis are presented in Section 4, discussions of these results are given in Section 5, and we conclude our analyses in Section 6. All magnitudes and colors are given in the AB magnitude system (Oke & Gunn 1983) . Throughout this paper, we employ the flat lambda cosmology (Ω m = 0.27, Ω Λ = 0.73, and Ω b = 0.045), the Hubble constant as h = H 0 /100kms −1 Mpc −1 = 0.7, the matter fluctuation amplitude at 8h −1 Mpc as σ 8 = 0.8, and spectral index of the primordial power spectrum as n s = 1, which are based upon the results of the WMAP sevenyear data (Komatsu et al. 2011) to compare with the results of previous works. With these assumed cosmological parameters, the ages of the Universe at z ∼ 3, 4, and 5 are ∼ 1.56, 1.12, and 0.852 h −1 Gyr, and physical angular scales of 1 arcsec correspond to 5.56, 5.03, and 4.55 h −1 kpc, respectively.
DATA AND SAMPLE SELECTION
2.1. Optical Data We utilized the publicly available data of the CFHTLS final data release (Gwyn 2012) . The CFHTLS is an optical multi-wavelength (u * -, g-, r-, i-, and z-band) survey that is carried out by the CFHT MegaCam (Boulade et al. 2003) . We used photometric images from the CFHTLS Deep Survey to achieve sufficient depth to collect large numbers of high-redshift galaxies to carry out accurate clustering analyses. The CFHTLS Deep Survey consists of four distinct fields, each of which covers ∼ 1 deg 2 . The mean 3σ limiting magnitudes of each optical band are u * = 28.07, g = 28.27, r = 27.76, i = 27.31, and z = 26.38, respectively, with little fieldto-field variation.
NIR Data
Part of the survey field of the CFHTLS Deep Survey is overlapped by the WIRDS (Bielby et al. 2012 ), a wide and deep NIR survey that used the Wide-Field Infra-Red Camera (WIRCam; Puget et al. 2004 ) mounted at the prime focus of the CFHT. The WIRDS provides deep, high-quality J-, H-, and K s -band photometric images over 1.94 deg 2 , where deep optical images of the CFHTLS are available. We used the second data release of the WIRDS and all of the data were reduced at the CFHT and TERAPIX, as is the case for the CFHTLS. The mean 3σ limiting magnitudes of each NIR band are J = 24.76, H = 24.65, and K s = 24.53. A more detailed description of the WIRDS data can be found in Bielby et al. (2012) .
Photometry and Sample Selection
Object detection and LBG sample selection were performed in the same manner as Toshikawa et al. (2016) . In this section, we present a brief outline of the photometry and the sample selection method. See also Toshikawa et al. (2016) for more details.
Objects were detected by SExtractor version 2.8.6 (Bertin & Arnouts 1996) in i-band images; other optical and NIR magnitudes were measured using "double image" mode. In addition to the total magnitude, fixed aperture (1.4 arcsec diameter, which was approximately twice as much as the typical seeing size of i-band images) photometry was also applied to measure the fluxes of objects. The object catalogue was limited down to i 27.3, which corresponds to a 3σ limiting magnitude in the i-band.
Galaxies at z ∼ 3, 4, and 5 (corresponding to u-, g-, and r-dropout galaxies, respectively) were selected following the color criterion developed by van der Burg et al. (2010) and Toshikawa et al. (2012) as
and
It is noted that m u * ,2σ and m g,2σ represent the 2σ limiting magnitudes of the u * -and g-bands. The total number of u-, g-, and r-dropout galaxies selected by the above criterion for the entire CFHTLS Deep Fields were 63, 563, 47, 760, and 9, 477, respectively. The effective survey area of the CFHTLS Deep Fields was 3.38 deg 2 after masking the regions around saturated objects and frame edges. Refer to Toshikawa et al. (2016) for the validity and the sample completeness of the selection methods.
STELLAR MASS ESTIMATION
In this section, we estimate the stellar mass of the dropout galaxy samples in two ways, using 1) an SED fitting technique and 2) a main sequence of star-forming galaxies.
3.1. SED Fitting By combining the photometric images of the CFHTLS and the WIRDS, five optical data and three NIR data are available and we can apply an SED fitting technique to derive the photometric redshift as well as the stellar mass of each LBG sample. We use an SED fitting code with Bayesian physical priors, Mizuki (Tanaka 2015) . The SED fitting is only applied for galaxies detected in NIR images to ensure independence of their stellar-mass estimation from those by the main sequence of star-forming galaxies.
Galaxy SED templates are generated by the spectral synthesis model of Bruzual & Charlot (2003) . An exponential-decay model with varying declination timescale, τ , is assumed for the star-formation history of the galaxy template. The SED templates are only considered for solar metallicity abundance. We confirm that the stellar masses and photometric redshifts are not significantly changed when including the SED templates with sub-solar abundance. It is also assumed that the initial mass function (IMF) is a Chabrier IMF (Chabrier 2003) , the dust attenuation follows the Calzetti curve with varying the optical depth, τ V (Calzetti et al. 2000) , and the IGM attenuation follows the relation of Madau (1995) . Nebular emission lines are added to the SED templates of Bruzual & Charlot (2003) with the intensity ratios of Inoue (2011) and the differential dust extinction law proposed by Calzetti (1997) .
Photometric redshifts are evaluated through the likelihood:
where the χ 2 SEDfit can be computed as
f i,obs and f i,model are the observed and the model SED fluxes of the i-th filter, and σ i,obs is the uncertainty of the i-th observed flux. α is a normalization parameter that controls the amplitude of the model SED. Physical priors are multiplied by the likelihood to obtain posteriors. It should be noted that the results of the SED fitting (e.g., the redshift distribution and the stellar-mass distribution) do not significantly change by putting off the physical priors. We evaluate the photometric redshifts of 17, 341 u-dropout galaxies and 13, 298 g-dropout galaxies, respectively. A part of our dropout sample have been implemented spectroscopic observations by Toshikawa et al. (2016) ; we compare the photometric redshift, z p , with the spectroscopic redshift, z spec , to check its accuracy. Figure 1 is a z spec verses z p diagram of u-and g-dropout galaxies. The numbers of spectroscopic samples are 42 (udropout galaxies) and 83 (g-dropout galaxies), respectively. The photometric redshifts show good agreement with the spectroscopic redshifts; it is improved a reliability of the results of our SED fitting. Figure 2 is the photometric-redshift distributions of u-, g-, and r-dropout galaxies. The means and standard deviations of these redshift distributions are z p = 3.11 ± 0.32, z p = 3.62 ± 0.28, and z p = 4.67 ± 0.32, respectively. These distributions are approximately consistent with the results of Toshikawa et al. (2016) , who calculated the redshift distributions of u-, g-, r-, and idropout galaxies using a mock LBG catalogue generated by Bruzual & Charlot (2003) SED models, and the photometric redshifts of Hildebrandt et al. (2009) using only the optical images of the CFHTLS.
Main Sequence of Star-Forming Galaxies
The SED fitting method allows estimation of the plausible stellar mass; however, the total sample number decreases due to the limited survey area in which NIR data are available. Therefore, we also utilize a "main sequence" of star-forming galaxies (MS; e.g., Daddi et al. 2007; Rodighiero et al. 2011; Koyama et al. 2014 ) to evaluate galaxy stellar masses, instead of the SED fitting results, to use all of the LBG samples obtained in the entire CFHTLS field and achieve high S/N clustering analyses. The MS relation is a tight correlation between galaxy stellar masses (M ⋆ ) and star-formation rates (SFRs) for star-forming galaxies. The SFRs of our LBGs are converted from their rest-frame 1450Å luminosities using the relation proposed by Kennicutt (1998) . The power-law slope of the rest-frame UV continuum, β, is measured by (g − r), (r − i), and (i − z) colors for u-, g-, and r-dropout galaxies, and 1450Å luminosities are determined by extrapolating from r-, i-, or z-band magnitudes assuming β. Dust extinction of UV flux is corrected by assuming the dust extinction low by Calzetti et al. (2000) . We adopt a simple linear correlation for the MS as
which is the same relation that Tanaka (2015) put as a prior for their SED fitting technique. A(z) is a redshiftdependence term defined as
The photometric redshift at the peak of its distribution is adopted when we compute the stellar masses using the MS relation. We introduce ±0.2 dex scatter in the relation between the SFR and the stellar mass (e.g., Speagle et al. 2014) . Observational results (e.g., Magdis et al. 2010; Salmon et al. 2015; Alvarez-Márquez et al. 2016 ) and smoothed particle hydrodynamics simulations (e.g., Katsianis et al. 2015) support that dropout galaxies at z = 3, 4, and 5 follow our assumed MS relation. We compare stellar-mass functions of each dropout galaxy with the results of Santini et al. (2012) and Song et al. (2016) , and the lowest stellar-mass limit is determined as the mass of which the observed stellar-mass functions reach ∼ 70% completeness. The number of LBG sample of each subsample are summarized in Table 1 .
Consistency of the Stellar Mass Estimation
Between the SED Fitting and the MS Relation We compute stellar masses of dropout galaxy samples with two independent estimates: the main sequence of star-forming galaxies and the SED fitting technique. The MS relation is a convenient way to assess stellar masses of star-forming galaxies from their UV luminosities; however, derived stellar masses could suffer from non-negligible uncertainties due to the relatively large scatter. On the other hand, the SED fitting technique is frequently used to give more reliable estimates of the stellar mass, although broad wavelength coverage of the data set is required.
The Balmer/4000Å break is an essential spectral feature to obtain accurate stellar masses in the SED fitting technique. It should be noted that the Balmer break can be traced by WIRCam data for u-and g-dropout galaxies, but not for r-dropout galaxies. Figure 3 is a comparison of stellar masses estimated using the SED fitting technique and the MS relation for u-dropout galaxies in the D1 field (3, 623 galaxies). These two estimations show nearly a one-to-one correspondence, albeit with relatively large scatter. Scatters on the stellar mass evaluated from the MS relation is due to the intrinsic ±0.2 dex scatter in equation (6), whereas the small scatter of the SED fitting technique for the massive galaxies (red cross at the right of Figure 3 ) originates from their apparent Balmer/4000Å break. The same consistency can also be obtained for g-dropout galaxies. We assume that these two estimations are consistent with respect to the other, with minimal significant difference. Hereafter, we will use the MS relation that allows the stellar-mass estimation down to the faint magnitudes for the entire CFHTLS field, even without WIRCam data, to estimate the stellar mass in the following analyses. We also assume that the consistency between these two estimations is valid for r-dropout galaxies. The effects of these two stellar-mass estimation on the SHMR results are discussed in Section 5.4.1.
CLUSTERING AND HOD ANALYSIS
4.1. Method 4.1.1. the galaxy two-point angular correlation function ACF, ω(θ), is a good physical quantity for statistically estimating the galaxy clustering strength (e.g., Totsuji & Kihara 1969; Peebles 1980) . We employ the estimator proposed by Landy & Szalay (1993) as
where DD, DR, and RR are the normalized pair counts of galaxy-galaxy, galaxy-random, and random-random samples, respectively, with a separation angle of θ ± δθ in degree units. It is known that the ACF of Landy & Szalay (1993) is biased due to the limitation of the survey field, termed the integral constraint, IC. The integral constraint can be estimated as
assuming that the ACF is obtained by a power-law form as ω(θ) = A ω θ 1−γ (Roche et al. 1999) , where A ω is the amplitude of the ACF. We correct the effect of the integral constraint as follows:
where ω meas (θ) is a measured ACF. We also correct the effect of contaminations from lowz galaxies, which decrease the measured clustering amplitudes. We assume that contamination sources have homogeneous distributions, and contamination effects are corrected by multiplying clustering amplitudes by 1/(1 − f c ) 2 , where f c is the contamination fraction calculated by the photometric-redshift distributions. It should be noted that the effect of contamination correction is much smaller than the statistical jackknife error of each angular bin.
the HOD modeling
The HOD model assumes that the number of galaxies within a dark halo depends only on the masses of the dark haloes. We assume a standard halo occupation function proposed by Zheng et al. (2005) as
where N tot (M ), N cen (M ), and N sat (M ) are the numbers of total, central, and satellite galaxies within a dark halo with a mass of M , respectively. The central galaxy occupation, N cen (M ), is expressed as
and the satellite galaxy occupation, N sat (M ), is given by
In this HOD model, galaxy occupation is tuned by five free parameters: M min , M 1 , M 0 , α, and σ log M . In predicting ACFs from the HOD model, we assume the halo mass function (HMF) proposed by Sheth & Tormen (1999) , the halo bias factor of Tinker et al. (2010) , and the density profile of the dark halo as an NFW profile (Navarro et al. 1997) . Halo mass-concentration relation is employed the model of Takada & Jain (2003) . Photometric redshifts of LBG samples are employed as their redshift distributions (see Section 3.1.). We use the analytical formula of HMF of Sheth & Tormen (1999) since it is easy to treat the fitting function and to compare our results with literature; however, recent cosmological N -body simulations suggest that the HMF of Sheth & Tormen (1999) overpredicts the massive end at high redshift (z 2). Ishiyama et al. (2015) calculated the redshift evolution of the HMF using the result of the ν 2 GC (New Numerical Galaxy Catalog) simulation (Makiya et al. 2016) and found that their best-fitted HMF at high-mass end (M h 10 13 M ⊙ ) at z > 3 is lower than Sheth & Tormen (1999) . However, the difference is small within their 1σ errors even at least z = 7. Tinker et al. (2008) and its improved model tuned to high-z galaxies by Behroozi et al. (2013b) showed that, at high redshift, massive end of the HMF of Sheth & Tormen (1999) overpredicts compared to the results of the N -body simulations. However, the difference of the HMF at z = 3 between Sheth & Tormen (1999) and Behroozi et al. (2013b) is negligible for lessmassive haloes (M h ∼ 10 12 M ⊙ ), whereas the apparent excess (∼ 70% excess of the Sheth & Tormen HMF) can be seen for massive haloes (M h ∼ 10 14 M ⊙ ), which is a typical halo mass range of M 1 (see Table 1 ). However, both HMFs are within the amplitudes difference at 1σ error range of M 1 ; thus, we conclude that the difference of the HMF does not make a large impact on the final results.
Results
To investigate the dependence of clustering properties of LBGs on their stellar masses, we divide our samples into subsamples by their stellar masses. We present the ACFs of each dropout galaxy in Figure 4 . Error bars of each angular bin are evaluated by a jackknife resampling method (cf., Norberg et al. 2009 ). The ACFs show that the dropout galaxies are more strongly clustered with higher stellar mass thresholds. This trend is also seen in previous clustering studies with stellar-mass limit samples at lower-z (e.g., Béthermin et al. 2014; McCracken et al. 2015) .
We adopt the HOD framework assuming the halo model as shown in Section 4.1.2. We use a publicly available code, "CosmoPMC", to constrain the HOD parameters and evaluate the best-fit ACFs (Wraith et al. 2009; Kilbinger et al. 2010) . The HOD parameters are estimated by a Markov Chain Monte Carlo (MCMC) simulation. For each step, we calculate the ACF from the HOD model, ω HOD (θ), and compute χ 2 by comparing the observed ACF, ω obs (θ), and abundance, as follows:
where (C −1 ) ij is an (i, j) element of an inverse covariance matrix, n obs g and n HOD g are the number densities of galaxies from observation and the HOD model, and σ 2 ng is the statistical 1σ error of n obs g . We note that both a Poisson error and the cosmic variance are considered in assessing σ 2 ng (Trenti & Stiavelli 2008) . n obs g is calculated by
where N gals is the total number of galaxies, Ω is the solid angle of the observation field, q(z) is normalized redshift distribution at z, and the and dV dz is a comoving volume element. n HOD g can be calculated using the best-fit halo occupation function as
The covariance matrix is estimated by the "delete-one" jackknife method (Shao & Wu 1989) . We divide our survey field into 64 sub-fields and evaluate the ACF by excluding one sub-field. This procedure is repeated 64 times. The covariance matrix is calculated as follows:
where ω(θ i ) is the averaged ACF of the i-th angular bin. We introduce the correlation factor of Hartlap et al. (2007) to obtain an unbiased inverse covariance matrix.
The results of the HOD analyses are shown over the observed ACFs in Figure 4 . We note that σ log M and α are fixed as σ log M = 0.30 and α = 1.0 to achieve better constraints of HOD mass parameters, especially for M min and M 1 . The excesses for ACFs from a single power law at small-angular scales are well described by the HOD model. The best-fit HOD parameters and deduced parameters are presented in Table 1 .
Our HOD fittings slightly deviate from the observed ACFs at the 2-halo term, i.e., 0.01 θ 0.1 for uand g-dropout galaxies. This could be due to the fixing HOD parameters, especially σ log M that controls the occupation of the central galaxy near the dark halo mass of M min . We check whether the HOD fitting will be improved by varying all of the HOD free parameters for u-dropout samples and the results are shown in Figure 5 and Table 2 . We note that the two most massive subsamples, i.e., log (M ⋆ /M ⊙ ) ≥ 10.8 and log (M ⋆ /M ⊙ ) ≥ 11.0 bins, have not enough S/N ratios to fit the HOD model with five free parameters. By varying σ log M and α, fittings of the 2-halo terms seem to be improved; however, the ACF of the 1-halo term at small scales and the transition scales between the 1-halo term and the 2-halo term cannot be reproduced. In addition, values of the χ 2 are not significantly changed by varying σ log M and α due to the decrease of the degree-of-freedom. Moreover, all of the fitting results show very small σ log M , i.e., σ log M < 0.1, indicating that the occupation of central galaxies follows almost the step function. This could imply that the halo occupation function at z > 3 is not the same as that of local Universe. The validity of the halo occupation function in the form of equation (12) and (13) should be verified for high-z galaxies; however, the discussion is beyond the scope of this paper. In this study, we adopt the results of the HOD fitting by fixing the parameters of σ log M = 0.30 and α = 1.0 to confine the following discussion to M min and M 1 .
DISCUSSION
5.1. HOD Parameters One of the advantages of adopting the HOD formalism is that each HOD parameter has an explicit physical meaning; M min and M 1 + M 0 are the characteristic halo masses to possess one central and one satellite galaxy within the dark haloes, respectively. In Figure 6 , we show the best-fit values of M min and M 1 of each subsample as a function of the threshold galaxy Table 1 The Number of Dropout Samples and the Best-Fit HOD Parameters with 1σ errors of Each Subsample Limited by the Stellar Mass with Fixing σ log M = 0.30 and α = 1.0 stellar mass. M min and M 1 show approximately linear increases with the stellar-mass limit. We also plot M min and M 1 at 0.5 < z < 0.8 and 1.1 < z < 1.5 by McCracken et al. (2015) based upon the HOD analysis for all galaxies collected by photometric redshifts, although M ⋆ of McCracken et al. (2015) represents the median stellar mass. By comparing the results at lowz, the increasing trends of M min , i.e., the threshold halo mass to possess a central galaxy, are not significantly different at high-z, indicating that the formation efficiencies of the central galaxies are almost the same, at least z = 5 − 0. However, the behavior of M 1 , which is the threshold halo mass to host a satellite galaxy, is clearly different between z = 3 − 5 and z = 0 − 1. First, M 1 increases linearly with stellar mass from the less massive end to intermediate stellar mass (M ⋆ ∼ 10 10.6 M ⊙ ), and evolves drastically toward the massive stellar-mass end at low-z Universe. This trend is the same as the results of highz; however, the turning stellar mass apparently shifts toward the lower stellar mass compared with low-z. The rapid increase of M 1 at high stellar mass indicates that massive satellite galaxies are formed less efficiently than less massive satellite galaxies. The lower turnover stellar mass of M 1 at high-z Universe suggests that dynamical frictions for accreted haloes are not yet sufficient even for less massive haloes.
In addition, M 1 are apparently excess for z = 3 − 5 compared with z = 0 − 1, inferring that satellite galaxies only form within massive dark haloes in high-z Universe. One possible explanation is that dark haloes at high-z Universe could have higher virial temperature than those in local Universe, because high-z dark haloes are thought have not been completely virialized. This could prevent intra-halo gases from cooling and consequently star formation efficiency decreases. Another possibility is the effect of feedback from central galaxies. Our galaxy samples are confined to star-forming galaxies and galactic winds, if it is more frequent or powerful at high-z, from central galaxies may hamper the formation of satellite galaxies.
Mean Halo Masses
The mean halo mass, M h , and the satellite fraction, f sat , can be estimated from the best-fit HOD parameters for each subsample. The mean halo mass and the satellite fraction are defined as
We note that n g is calculated by equation (16). The mean halo masses as a function of the stellar-mass threshold of each dropout galaxy are shown in Figure 7 . The mean halo masses can be derived for wide stellarmass ranges, especially of u-dropout galaxies, by taking advantages of wide and deep images of the CFHTLS. The large number of our LBG sample enables us to measure the masses of dark haloes with small error bars, even for very massive haloes ( M h ∼ 10 13 M ⊙ ), although the fixed σ log M and α artificially reduced the errors. At a fixed stellar-mass limit, the mean halo masses decrease slightly with increasing redshift.
We compare the mean halo masses measured by the previous HOD studies for high-z Universe: Hamana et al. (2004) , Lee et al. (2006) , Hildebrandt et al. (2009) , Bian et al. (2013) , and Harikane et al. (2016) . Our results are almost consistent with these studies within 1σ confidence level; however, the halo masses of z ∼ 5 LBGs calculated by Hamana et al. (2004) and Lee et al. (2006) were lower than those of Hildebrandt et al. (2009) and our results. It should be noted that other studies adopted the different HOD model, as well as cosmological parameters, from the ones in the present study. Hamana et al. (2004) proposed and used an early halo occupation model that does not distinguish the central galaxy from satellite galaxies, and Lee et al. (2006) , Hildebrandt et al. (2009), and Bian et al. (2013) also employed the same occupation model. It should also be taken into consideration that cosmological parameters are not unified between these studies; all of the referenced works used simple flat ΛCDM cosmology (Ω m = 0.3, Ω Λ = 0.7), whereas we adopt the WMAP seven-year cosmologies (Ω m = 0.27, Ω Λ = 0.73). The largest impact on the halo mass estimation is the value of σ 8 . This study and Harikane et al. (2016) adopt σ 8 = 0.8, but other referenced studies used σ 8 = 0.9; thus, our results may underestimate the halo mass compared with studies using σ 8 = 0.9.
Satellite Fractions
In Figure 8 , we show the satellite fractions as a function of the stellar-mass threshold of each dropout galaxy. As expected, the satellite fractions decrease gradually with increasing the galaxy stellar mass and then seem to drop sharply by increasing the stellar-mass limit at each redshift. The turning stellar mass of the satellite fraction corresponds approximately to the turnover stellar-mass limit of M 1 . Our results show that the satellite fractions are quite low, even for less massive galaxies (f sat ∼ 0.04 for M ⋆,limit = 10 9.4 M ⊙ ); this is completely different from the results of the 0 < z < 2 Universe (e.g., Harikane et al. (2016) r-dropout Figure 7 . Mean halo masses of u-(top), g-(middle), and rdropout galaxies (bottom) as a function of the stellar-mass limit.
For comparison, we also show the mean halo masses of previous HOD studies. Note that the stellar-mass limits of Hamana et al. (2004) , Lee et al. (2006) , Hildebrandt et al. (2009), and Bian et al. (2013) are converted from their UV-magnitude limits assuming that the UV slope of β follow the observed linear β − M UV relation at each redshift (Bouwens et al. 2014) . The β − M UV relation of z ∼ 4 is assumed for converting u-dropout galaxies. All masses are in units of M ⊙ , assuming that h = 0.7. Wake et al. 2011; Zehavi et al. 2011; Coupon et al. 2012; Martinez-Manso et al. 2015; McCracken et al. 2015) . Wake et al. (2011) investigated the satellite fraction of galaxies at 1 < z < 2 collected by the SED fitting method and showed that the satellite fraction decreases with increasing the stellar mass; however, the values of f sat have a large gap compared to our results (f sat = 0.21 for galaxy samples with M ⋆ = 3.0 × 10 10 M ⊙ atz = 1.9). Martinez-Manso et al. (2015) carried out HOD analyses for the Spitzer /IRAC detected galaxies at z ∼ 1.5 using the Spitzer South Pole Telescope Deep-Field Survey (SSDF; Ashby et al. 2013) and showed that the satellite fraction of their faintest magnitude-limit samples ([4.5] limit = 18.6 mag with a median stellar mass of M ⋆ = 10 9.87 M ⊙ ) was f sat = 0.23. They compared the satellite fractions of Zehavi et al. (2011) , who implemented HOD analyses using numerous local SDSS galaxies, and inferred that the satellite fraction grows slowly from f sat ∼ 0.2 at z ∼ 2 to f sat ∼ 0.3 at z ∼ 0. Low-z studies collected all galaxies, whereas our highz studies can only select star-forming galaxies with high SFRs. Thus, we may have missed quiescent high-z galaxies with different baryonic natures. Our results indicate that there are few satellite galaxies even for less massive galaxies at high-z; the satellite fraction shows little evolution at z = 3 − 5 and significant evolution from z ∼ 3 to z ∼ 2. Accurate satellite fractions in high-z Universe require extensive and complete high-z galaxy survey in the future.
Stellar-to-Halo Mass Ratios
SHMR is an efficient diagnostic to evaluate the relationship between galaxies and their host haloes, which represents the star-formation efficiency within a dark halo, determined by the integrated star-formation history of the galaxy. The SHMR is defined as the fraction between the stellar masses of galaxies and host halo masses, M ⋆ /M h , as a function of a dark halo mass.
In this section, we compare SHMRs of our LBG samples with previous theoretical and observational studies. First, we check the consistency of the SHMRs calculated by different stellar-mass estimation methods, by the MS relation and the SED fitting technique, and then compare our results with literature and discuss the redshift evolution. For the comparison, we use the threshold stellar masses of subsamples as M ⋆ and M min as M h to compute the SHMRs of LBGs, i.e., our SHMRs are computed by M ⋆,limit /M min for each stellar-mass limit subsample. The errors of the M min are evaluated by the MCMC simulations during the HOD fitting analyses, whereas the errors of the M ⋆,limit are adopted the root mean squares of the stellar mass of each subsample.
SHMRs from main sequence vs. SED fitting
In Figure 9 , we compare the SHMRs calculated by the MS relation and the SED fitting method of u-and gdropout galaxies. The SED fitting method, which is difficult to apply reliably to faint samples, i.e., less massive galaxies, has a higher lowest-mass bin than the MS relation, and also shows a relatively large scatter than those from the MS relations due to the small survey volume where NIR data are available. The results indicate that the stellar-mass estimated by the SED fitting and the McCracken+15 (2.0<z p <2.5) Figure 8 . Evolution of satellite fractions of u-, g-, and r-dropout galaxies as a function of stellar-mass limit. For comparison, we also plot satellite fractions at 0.5 < z < 2.5 derived by Wake et al. (2011) and McCracken et al. (2015) . It is noted that our galaxy samples are star-forming galaxies according to their star-formation rates, whereas Wake et al. (2011) and McCracken et al. (2015) selected total galaxy samples using photometric redshifts.
MS relation are not significantly different on the measurement of SHMRs. They are consistent within 1σ error over almost the entire mass range. We note that our SED fitting includes the prior of the MS relation (equation 6), which is the same relation used to estimate the stellar masses from the MS relation. Hereafter, we use the SHMRs derived from the MS relations, which can be applied for wide stellar-mass ranges with high S/N ratios based upon wide-field data. We also assume that the consistency is valid for r-dropout galaxies, in which the stellar masses from the SED fitting technique are suffered from the relatively large scatter because the Balmer/4000Å break moves beyond the K-band for z ∼ 5 galaxies.
Comparison with literature
In Figure 9 , our observed SHMRs are compared with the results of numerical simulations by Behroozi et al. (2013b) and Moster et al. (2013) , and a semi-analytical model by Somerville et al. (2015) (GK model; Gnedin & Kravtsov 2010) , and observational data from Harikane et al. (2016) .
The assignment method of central galaxies with host dark haloes of Behroozi et al. (2013b) and Moster et al. (2013) are the abundance-matching method and Harikane et al. (2016) is the HOD formalism. Behroozi et al. (2013b) and Moster et al. (2013) presented their own functional forms of SHMRs as a function of the halo mass and those relations take into account redshift evolutions by being calibrated with the stellar-mass functions at each redshift. We plot the predicted SHMRs of each author at z = 3.0, 4.0, and 5.0 in Figure 9 .
Our results show an excellent agreement with the SHMRs of Behroozi et al. (2013b) in all redshift bins, indicating that there is little difference between the HOD technique and the abundance-matching method as a galaxy-halo connection method, at least for the highredshift Universe. In addition to the constraints on the stellar-mass functions, Behroozi et al. (2013b) also introduced observational constraints, such as cosmic SFR and specific SFRs (sSFRs), which are essential parameters to characterize high-z galaxies. For z = 3 and 4, Moster et al. (2013) well reproduces our observational results only for the massive end but underestimates from the less massive end to intermediate halo mass (M h < 10 12.0 h −1 M ⊙ for M ⋆,limit ∼ 10 10.4 M ⊙ ) and M pivot h (see Section 5.4.3.) shifts toward higher mass. This discrepancy may be caused by that Moster et al. (2013) could not constrain the SHMRs for less massive galaxies by stellar-mass functions, whereas Behroozi et al. (2013b) could reproduce it up to M ⋆ ∼ 10 9.4 M ⊙ , which is comparable to our stellar-mass limit. The functional form of Moster et al. (2013) cannot describe our observational results at z = 5 because their adopted stellar-mass functions (Pérez-González et al. 2008; Santini et al. 2012) do not reach z = 5. The M pivot h of Somerville et al. (2015) , on the other hand, show lower halo masses compared to observation. This may be due to the overproduction of less massive galaxies in their model. We note that our SHMRs are inconsistent with the theoretical prediction of Yang et al. (2012) , who calculated the SHMR based upon the conditional luminosity function (CLF; Yang et al. 2003; van den Bosch et al. 2003b) . Harikane et al. (2016) observed the SHMRs for very less massive LBGs at z = 4 and 5. Their results are not conflict to our results, although their estimates show slightly lower SHMRs than ours. This may partly be due to differences in the employed cosmological parameters, Somerville et al. (2015) This work (Main sequence) This work (SED fitting) Moster et al. (2013) 0.001 or because they introduced a fixed duty cycle of the star formation in their halo occupation model; by introducing the fixed duty cycle parameter, the expected number of LBG (or total amount of stellar masses) for fixed halo masses change, possible affecting the values of the SHMR and M min .
Evolution of the SHMRs and the pivot halo masses
A halo mass with the maximum SHMR, a pivot halo mass (M pivot h
), can be interpreted as the most efficient dark halo mass to convert baryonic contents into stars within dark haloes. Leauthaud et al. (2012) firstly observed a decreasing trend of M pivot h from z = 1 to z = 0.2 by joint analyses of galaxy-galaxy lensing, galaxy spatially clustering, and the stellar mass function in the COSMOS field. They also showed that maximum SHMRs are almost consistent, albeit the decrease in M pivot h , indicating an increase in star-forming activities in low-mass haloes with decreasing redshift, known as galaxy downsizing.
McCracken et al. (2015) evaluated M pivot h up to z ∼ 2 via the abundance-matching technique in addition to the HOD analysis, and compared their results with those in literature (Coupon et al. 2012; Leauthaud et al. 2012; Hudson et al. 2015; Martinez-Manso et al. 2015) . They concluded that M pivot h does not significantly evolve from z = 0 to z ∼ 2 as a consequence of the little evolution of halo mass functions and stellar mass functions up to z ∼ 2.
Due to the availability of deep and wide field imaging data of the CFHTLS, our sample can, for the first time, trace the evolution of the pivot halo mass at 3 < z < 5. We fit our SHMRs using the parameterized form proposed by Behroozi et al. (2010) as follows:
where f (x) satisfies the following relationship:
f (x) = − log(10 αx + 1) + δ (log(1 + exp(x))) γ 1 + exp(10 −1 ) .
In this parameterized function, M 1 and ǫ represent the pivot halo mass and the SHMR at the pivot halo mass, respectively. We investigated the best-fit parameters of M 1 and ǫ for each dropout galaxy with fixing α, δ, and γ for their best-fit values at each redshift presented in Behroozi et al. (2013b) . The M pivot h
and SHMRs at M pivot h of each dropout galaxy are summarized in Table 3. Figure 10 shows the SHMRs and best-fit functions of each redshift. At a fixed halo mass, our SHMRs show the negative evolution for galaxies within less massive dark haloes (M h 10 12.0 h −1 M ⊙ ) and the positive evolution for massive haloes with decreasing redshift. The arrows above the SHMRs indicate the best-fit M us to derive sufficiently accurate ACFs to apply the HOD analysis to see and discuss the relationship between LBGs and their host dark haloes even in high-redshift Universe with high accuracy. Stellar masses of sample galaxies, resulting from either the MS relation or the SED fitting technique, helped us to link high-z dropout galaxies to their host dark haloes. The major conclusions of this work are summarized
